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identical to those of the warming/cooling blankets in most
operating rooms, we developed a prototype topical head cool-
er constructed from knee and ankle cooling devices (Fig 1). It
is wrapped under and around the head and snapped into the
standard warmer/cooler hoses. With such, the blanket temper-
ature control can deliver circulating water as cold as 4°C.
After use in more than 20 patients, we are impressed by the
ease of setup and removal afforded by this device, as well as
by the consistency of head and neck positioning, lack of inter-
ference with invasive lines, and absence of pressure points
over the ears and eyes.
We were, however, concerned about whether circulating
water at 4°C could cool as effectively as topical ice. To
address this concern, we compared surface cooling of ice
packs with the water jacket cooler in a closed flask simula-
tion. A common volume of water was divided into 2 flasks,
which were simultaneously cooled either by our prototype
device or by surrounding ice packs. Flask external surface
and internal water temperatures were monitored, and tem-
perature gradients within each flask were eliminated by
magnetic stir bars.
Hypothermia is used in circulatory arrest to decrease cere-
bral metabolic rate during a period when oxygen and energy
substrate delivery are absent.1,2 The incidence of neurologic
dysfunction attributed to subtle brain injury resulting from
inadequate cerebral protection during circulatory arrest was
found to be 19% in 1 series.3 The concept of brain at risk for
ischemic injury was elaborated further by Cheung and associ-
ates,4 who examined inflow-outflow gradients of carbon diox-
ide, pH, and oxygen content during retrograde cerebral perfu-
sion after deep hypothermic circulatory arrest. They found
significant differences in these variables over time, suggesting
the presence of ongoing metabolic activity in normal cerebral
tissue. Likewise, Griepp and colleagues2 have demonstrated
decreased jugular venous saturations persisting up to 6 hours
after the operation, indicating increased metabolic demands
of cerebral tissue relative to oxygen delivery.
An increase in adverse neurologic outcomes with longer
arrest periods may be due to warming of the brain, some-
thing that may be partially offset by external cooling of the
head. Griepp and associates2 demonstrated a significantly
improved behavioral recovery of pigs undergoing deep
hypothermic circulatory arrest if their heads were packed in
ice.2 Although ice packs are beneficial, our experience has
led us to consider their use imperfect. For example, appli-
cation is not always uniform, pressure points and eye dam-
age may develop, and the ice packs themselves are neces-
sarily bulky and greatly hinder access to the head and
invasive lines. Prolonged periods of cooling and circulatory
arrest may require replacement of ice packs. We describe
here an alternative approach to topical cerebral cooling that
is easier to use than ice and that also appears to be a more
efficacious means of topical cooling.
Description and methods. Postoperative care of some
orthopedic injuries involves fitted devices that use cold water
circulation to cool the site of injury. Since their fittings are
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Fig 1.  Cryotherapy brace/coolers for an ankle and knee are
shown (BREG, Inc, Vista, Calif). Tubing from each was joined
by common double-male connectors to produce a single
inlet/outlet device, as shown here. Connections are compatible
with standard hose couplers from portable and wall-mounted
warming/cooling blankets (ie, Blanketrol, Cincinnati Sub-Zero
Products, Cincinnati, Ohio). The device is placed on the head-
rest and folded anteriorly to cover the majority of the head’s
exposed surfaces (inset). The eyes are covered with gauze to
protect against abrasion or pressure damage.
After 10 to 15 minutes, circulating water produced cold-
er temperatures, and after 80 minutes, a 3.5°C difference
was apparent (Fig 2). Surface temperatures generated by
the water circulator were at least 2°C lower and did not
level off, as did cooling by crushed ice packs. Circulating
water prevented heat within the flask from creating a static
layer of water that insulates rather than dissipates heat from
the water flask. The latter is likely what happened when ice
packs were applied to the flask, and it is what probably
happens when crushed ice packs are applied to a patient’s
head. Although our original concern was to show that a
water-circulating apparatus works as well as topical ice, we
demonstrated in this laboratory model that it delivered an
overall greater depth of cooling in a thermodynamically
more efficient and stable manner. Likewise, we have shown
that the effectiveness of heat transfer with the traditional
method of ice packs is lost at a time when adverse neuro-
logic events become more prevalent. The effectiveness of
cooling is maintained with circulating cold water applied to
the head. The overall efficiency of the device could be fur-
ther improved by developing a cryotherapy jacket that more
closely follows the contours of the head (eg, molding it to
fit inside a bathing cap). Further research evaluating main-
tenance of cooling temperatures and any regional differ-
ences in head cooling (if present) are needed to confirm the
clinical usefulness of this device.
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Fig 2. Cooling characteristics of a water-circulating device compared with topical ice packs. A temperature versus
time graph of the cooling experiment is shown. The open circles show more rapid cooling with the water circula-
tor than with ice, an effect that produced a 3.5°C-cooler water bath after 80 minutes. Temperatures recorded
between the surface of the water flask and the respective coiling device are shown in the lower two curves: a cool-
er surface temperature is attained within 5 minutes and maintained throughout cooling with the water-circulating
device.
